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(57) ABSTRACT

In an ECB LCD, 1n which a liquid crystal layer enclosed
between a pair of substrates 1s driven based on R, GG, B signals
so that transmittance of R, G, B light components at the liquid
crystal layer 1s controlled for color display, the voltage levels
of the liquid crystal driving signals for R, G, B light are set
such that the optimum transmittance, 1.¢., the maximum
transmittance, can be achieved with respect to the R, G, B
light components. With this arrangement, wavelength depen-
dency, if any, of the liqud crystal with respect to the light
coming 1nto the light crystal layer can be modified so that
color display 1s achieved with superior color reproducibility.
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COLOR LIQUID CRYSTAL DISPLAY

This 1s a continuation of application Ser. No. 09/196,013
filed Nov. 19, 1998, now U.S. Pat. No. 7,034, 785 which
application 1s hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color liquad crystal dis-
play (LCD) which employs a voltage control birefringence
method for controlling the tilt direction of, for example, ver-
tically-alignment liquid crystal by using an electric field.

2. Description of the Prior Art

LCDs, in which liquid crystal 1s enclosed between a pair of
substrates and a voltage 1s applied to the enclosed liquid
crystal for desired display are advantageously small and thin,
and the power consumption thereof can be easily reduced.
Due to these advantages, LCDs are widely used as displays in
various office automation equipment, such as personal com-
puters, and audio visual equipment, such as a projector, and
portable or on-board devices.

In particular, a DAP (deformation of vertically aligned
phase) LCD 1s proposed, which includes liquid crystal with
negative dielectric constant anisotropy, and controls nitial
alignment of the liquid crystal molecules so as to be verti-
cally-aligned by using a vertical alignment layer. Specifically,
a DAP LCD employs one type of electrically controlled bire-
fringence (ECB) methods, and controls transmittance and
displayed colors of the light coming 1nto the liquid crystal
layer by utilizing a difference 1in a reflective index between the
longer and shorter axes of a liquid crystal molecules, 1.e., a
birefringence phenomenon. A pair of substrates are provided
cach with a polarization film attached on the outer surface
thereot, such that their polarization directions are orthogonal
to each other. When voltage 1s applied to the liquid crystal
layer, linearly polarized light which has been introduced into
the liquad crystal layer via the polarization film on one side of
the substrate 1s converted into elliptically or circularly polar-
1zed light due to birefringence thereof of the liquid crystal
layer, and 1s partly ejected from the polarization film on the
other side. Since the extent of birefringence of the liqud
crystal layer, 1.e., a phase difference (a retardation amount)
between ordinary and extraordinary ray components of the
incoming linearly polarized light, 1s determined according to
the voltage applied to the liquid crystal layer, 1.¢., the intensity
of an electric field generated 1n the liquid crystal, the amount
of light ¢jected from the second polarization film can be
controlled for every pixel by controlling for every pixel the
voltage applied to the liquid. crystal layer. This eventually
makes 1t possible to display a desired color image when RGB
color filters and RGB light sources are used.

DESCRIPTION OF THE RELATED ART

A DAP LCD can be fabricated without a rubbing step for
grving the liquid crystal vertical alignment 1n a manufacturing
process as a result of improvement of a panel structure. The
DAP method can therefore be employed in an LCD which
includes a thin film transistor (TFT) as a switching element
for driving each liquid crystal element and as a driver for
driving the switch element.

However, an LCD having a structure which can make opti-
mum use of or even improve the characteristics of a low
temperature poly silicon (p-S1) TFT and those of the DAP
method 1s yet to be developed for optimization.
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For example, while being superior in having a wider view-
ing angle and originally-high transmittance of incoming
light, the DAP method has unfortunately dependency on the
wavelength of incoming light since the amount of permeated
light transmaittance 1s determined depending on the birefrin-
gence extent of the liquid crystal layer, such as An-d/A (An:
variation of refractive index of liquid crystal layer, d: thick-
ness of liquid crystal layer; A wavelength of incoming light).
It 1s possible to reduce the wavelength dependency through,
for example, adjustment of the thickness d of the liquid crys-
tal layer as the wavelength dependency 1s weaker for a larger
An-d. However, since such adjustment may cause unfavorable
elfects 1 view of parallax, control of the wavelength depen-
dency through adjustment of the thickness d of the liquid
crystal layer 1s subject to limitation. On the other hand, 1n
view ol a lower power consumption, a study 1s being made to
develop a material which 1s superior 1n response characteris-
tics respect with a low voltage. Also, a material which has a
smaller An than conventional liquid crystal material may be
used. In the case of a retlection LCD, the value An-d may
necessarily be small due to the characteristics of the device.
Theretore, wavelength dependency of an LCD with respect to
incoming light cannot be considered negligible as 1t may
adversely aflect the quality of color display, particularly, 1n
view ol color reproducibility.

SUMMARY OF THE INVENTION

The present invention has been concerved to overcome the
above problems and aims to provide a device which enables
displaying, 1n particularly, color-displaying with high quality
through modification of wavelength dependency of an LCD
with respect to incoming light.

According to a first aspect of the present invention, there 1s
provided a liquid crystal display having liquid crystal sand-
wiched by a pair of substrates having electrodes for driving
the liquid crystal based on a liquid crystal control driving
signal for R light, a liquid crystal control driving signal for G
light, and a liquid crystal control driving signal for B light to
control transmittance of R light components, G light compo-
nents, and B light components for color display, wherein a
driving voltage for application to the liquid crystal i1s set
independently for R display, G display, and B display.

According to a second aspect of the present invention, there
1s provided an ECB liquid crystal display having liquid crys-
tal sandwiched by a pair of substrates having electrodes for
driving the liquid crystal based on a liquid crystal control
driving signal for R light, a liquid crystal control driving
signal for G light, and a liquid crystal control driving signal
for B light to control transmittance of R light components, G
light components, and B light components for color display,
wherein a driving voltage for application to the liquid crystal
1s set independently for R display, G display, and B display.

Further, 1n the above liquid crystal display, an upper limit
value of a range for the driving voltage 1s set independently
for R light, G light, and B light.

When a drniving voltage 1s independently controlled for R,
G, B light, wavelength dependency with respect to incoming
light can be modified 1n color display 1n which the white color
1s displayed through composition of R, G, B light, so that
adequate color reproducibility can be easily realized regard-
less the difference of the liquid crystal material in use or the
thickness of the liqud crystal layer.

Further, in the above liquid crystal display, the liquid crys-
tal control driving signal for R light, the liquid crystal control
driving signal for G light, and the liquid crystal control driv-
ing signal for B light are separately subjected gamma correc-
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tion based on transmittance characteristics of the R light
components, the G light components, and the b light compo-
nents.

When gamma correction 1s carried out for the liquid crystal
control driving signals for R, G, B light according to the
respective characteristics of the R, G, B light, color reproduc-
ibility can be enhanced even with respect to intermediate
graduation. This enables liquid crystal color display with
higher quality.

Still further, 1n the above liquid crystal display the pair of
substrates includes a first substrate, electrodes for driving the
liquad crystal formed on the first substrate include a plurality
ol pixel electrodes arranged 1n a matrix thereon; and the
plurality of pixel electrodes are connected to corresponding
p-S1 thin {ilm transistors each using a p-S1 layer formed at a
low temperature for an active layer.

When a p-S1 thin film transistor 1s used as a switching
clement for each liquid crystal pixel, it 1s possible to drive
cach pixel of the LCD by a low voltage to display a very fine
image.

As described above, according to the present mvention,
liquad crystal driving signals for R, GG, B are adjusted accord-
ing to the respective transmittance characteristics, so that
respective colors can be favorably reproduced for display
even by an LCD with high wavelength dependency.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and the other objects, features, and advantages
of the present mvention, will become further apparent from
the following description of the preferred embodiment taken
in conjunction with the accompanying drawings wherein:

FIG. 1 1s a conceptual plan view showing an example of a
structure of an LCD panel according to a preferred embodi-
ment;

FI1G. 2 1s a schematic cross sectional view of the LCD panel
along the A-A line 1n FIG. 1;

FIG. 3 1s a block diagram showing a global structure of the
LCD according to the preferred embodiment;

FIG. 4 1s a graph showing wavelength dependency of an
impressed voltage and transmittance with the LCD panel
according to the preferred embodiment;

FIG. § 1s a schematic diagram showing a structure of an
RGB driver processing circuit 70 shown in FIG. 3;

FIG. 6 1s a diagram showing a structure of a limit level
generation circuit 84 shown 1n FIG. 5;

FIG. 7 1s a diagram showing wavetorms of signals in the
circuit shown in FIG. 5; and

FIG. 8 1s a diagram showing a structure of a projector.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, a preferred embodiment of the present
invention (heremafter referred to as a preferred embodiment)
will be described with reference to the accompanying draw-
ings. In this embodiment, an ECB LCD or a DAP LCD 1s
used, in which an ECB LCD controls alignment of liquid
crystal by using a electric field so that a transmittance amount
1s controlled by utilizing a birelrngence phenomenon, and
the DAP LCD 1s one type of the ECB LCDs. Specifically,
when using a DAP LCD, R, G, B liquid crystal driving signals
are controlled based on the transmittance characteristics of
corresponding R, G, B light components whereby R, G, B
liquid crystal voltage levels (an ON display level) are con-
trolled.
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|[LCD Panel Structure]

Referring to FIGS. 1 and 2, a structure of a DAP LCD panel
to be driven will be described. FIG. 1 shows one example of
a plan structure of an LCD panel; FIG. 2 shows one example

of a schematic cross sectional structure of the LCD panel
along the line A-A shown in FIG. 1. An LCD according to the
preferred embodiment comprises a TFT substrate (a first sub-
strate) 10 and an opposing substrate (a second substrate) 30.
On the first substrate 10, a lower temperature poly silicon
(p-S1) TFT 1s formed, above which a pixel electrode 26 1s
turther formed. On the second substrate 30, which 1s provided
opposing the first substrate 10 having a liquid crystal layer 40
in-between, a common electrode 32 1s formed which has an
direction control window 34 thereon. Further, polarization
f1lms 44, 46 are attached to the outer sides of the respective
substrates 10, 30 such that respective transmittance polarized
light directions are orthogonal to each other.

More specifically, on the TFT substrate 10 which 1s made
of glass or other material, there are formed a gate electrode 12
and a gate electrode line 121 which 1s integral to the gate
clectrode 12 1n this embodiment. The gate electrode 12 and
the line 121 are formed by patterning metal such as Cr, Ta,
Mo, and so on. Further, covering the gate electrode 12 and the
line 121, a gate insulating film 14 1s formed which 1s made of
either one of SiNx and S10,, or layers of these materials stuck
on top of each other. On the gate insulating film 14, a p-S1 thin
film 20 1s formed to serve as an active layer of the TF'T. The
p-S1thin film 20 1s formed by annealing, at a low temperature,
an amorphous silicon (a-S1) thin film through both or either
laser and/or lamp annealing for poly-crystallization and pat-
terning into an 1sland shape after the annealing.

On the p-S1 thin film 20, an implantation stopper (doping
stopper) 23 1s formed which 1s made of S10,, or other material.
The doping stopper 23 1s formed through self-alignment so as
to a shape substantially identical to the gate electrode 12 when
the TET substrate 10 1s exposed to light from 1ts rear side (the
bottom side 1n FIG. 2) while using the gate electrode 12 as a
mask. Further, when impurnties, such as, phosphorous or
arsenic, are doped into the p-S1 thin film 20 to be at a low
concentration by using the ijection stopper 23 as a mask, a
low concentration source region 20LS and a low concentra-
tion drain region 20L.D are formed through self-alignment on
the respective sides of the region directly below the doping
stopper 23, of the p-Si1 thin film 20. The low concentration
source region 20LS and the low concentration drain region
20LD contain the doped impurities at a low concentration.
The region directly below the doping stopper 23 of the p-Si
thin film 20 contains no impurities because the doping stop-
per 23 served as a mask at the time of 10n doping, so that the
region constitutes an intrinsic region serving as a channel
region 20CH of the TFT. Further, a source region 20S and a
drain region 20D are formed on the outer sides of the low
concentration source region 20LS and the low concentration
drain region 20L.D, respectively, from the doping stopper 23
when the 1dentical impurities are further doped therein to be
at a higher concentration.

On the doping stopper 23 and the p-S1 thin film 20 where
the respective regions (20CH, 20LS, 20LD, 205, 20D) have
been formed 1n the above processes, an inter-layer insulating
layer 22 made of S1Nx or other material 1s formed covering
these regions. Further, on the inter-layer insulating film 22, a
source electrode 16, a drain electrode 18, and a drain elec-
trode 18L which 1s integral to the drain electrode 18 are
formed, made of Al, Mo, or other material. The source elec-
trode 16 and the drain electrode 18 are connected via contact
holes opened throughout the inter-layer mnsulating film 22 to
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the low concentration source region 20S and the low concen-
tration drain region 20D, respectively.

A low temperature p-S1 TF'T of this embodiment comprises
the aforementioned gate electrode 12, the gate insulating film
14, the p-Si thun film 20 (20CD, 20LS, 20L.D, 20S, 20D), the
source electrode 16, and the drain electrode 18. The TFT
turther comprises an active layer made of a p-Si1 thin film 20
having been formed 1n low temperature processing. Although
the above TFT 1s of a bottom-gate type in which a gate
clectrode 12 1s positioned on the lower side of the elements, a
TFT 1s not limited thereto and may be of a top-gate type 1n
which a gate electrode 1s formed 1n a layer above the p-Si1 thin

film.

On substantially the entire part of the TFT substrate 10, a
flattening 1nter-layer insulating film 24 of 1 wm or more thick
1s Tormed covering the above-structured TFT and inter-layer
insulating film 22 for planarization of the top surface. A
flattening 1inter-layer msulating film 24 1s made of SOG (Spin
on Glass), BPSG (Boro-phospho-Silicate Glass), acrylic
resin, or other material. On the flattening inter-layer msulat-
ing {1lm 24, a pixel electrode 26 1s formed covering the TFT
region, for driving the liquid crystal. A pixel electrode 26 1s
made of, 1n the case of a transmission display, a transparent
conductive film, such as I'TO (indium Tin Oxide), and con-
nected via the contact hole formed throughout the flattening,
inter-layer msulating film 24 to the source electrode 16. For a
reflection display, conductive reflective matenal, such as Al,
may be used for a pixel electrode 26.

Also, on substantially the entire part of the TFT substrate
10, a vertically-alignment film 28 1s formed covering the pixel
clectrode 26. The vertically-alignment film 28, which 1s made
of a material, such as polyimide, serves as an alignment film
for setting the liquid crystal molecules to have vertical align-
ment without a rubbing step.

The opposing substrate (the second substrate) 30, which 1s
situated opposite to the above TFT substrate 10 having the
liquid crystal layer 40 1n-between, 1s made of glass or other
material, similar to the TFT substrate 10. On the surface of the
opposing substrate 30 facing the TFT substrate 10, RGB color
filters 38 are formed 1n a predetermined alignment so as to
correspond to the pixel electrodes 26. On the RGB color filter
38, which 1s covered by a protection film 36, such as acrylic
resin, there 1s formed a common electrode 32, which 1s made
of a material such as ITO, for driving the liquid crystal 1n
corporation with the opposing pixel electrode 26. Note that,
when an LCD panel 1s used as a light valve of a projector, in
a system 1n which three panels are used respectively for R, G,
B, a color filter 38 1s unnecessary because incoming light has
already been separated 1into R, G, B.

Also, the common electrode 32 has an electrode-iree area
formed as an direction control window 34 on a part thereof
corresponding to the pixel electrode 26 (described later). An
direction control window 34 may have an X shape. Covering
the common electrode 32 and the direction control window

34, a vertically-alignment film 28 1s formed, similar to the
TFT substrate 10.

The liquid crystal layer 40 1s a crystal liquid layer enclosed
in a space, for example, of 3-5 um thick between the sub-
strates 10, 30. The liqud crystal layer 40 1s made of liquid
crystal material having negative dielectric constant anisot-
ropy, which has a larger dielectric constant 1n a shorter axial
direction than 1n a longer axial direction of a liquid crystal
molecule 42. Liquid crystal maternial for use 1n the liquid
crystal layer 40 1n this embodiment 1s a mixture of the liqud
crystal molecules having fluorine for a side chain, expressed
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by the following chemical formulas (1) to (6), at a desired
ratio so as to contain at least one type of these liquid crystal
molecules.

|Chemuical formula 1]

0O
R
OAQiO_RF
F F
2]

|Chemuical formula

I b

(1)

(2)

|Chemuical formula 3]

|Chemuical formula 4]

-0

|Chemical formula 5]

(3)

(4)

()

|Chemuical formula 6]

(6)

Presently, liquid crystal molecules having cyano(CN—)
for a side chain are mainly used as liquid crystal material with
negative dielectric constant anisotropy for use ina TFT LCD
including an a-S1 active layer with low mobility. However,
liquid crystal molecules with a cyano side chain must be
driven by a suificiently high voltage as they would otherwise
be largely atfected by a residual DC voltage. Moreover, those
L.C molecules have a poor voltage holding ratio, and may
possibly cause 1mage persistence. On the other hand, this
embodiment uses a p-S1 TFT which was made using low-
temperature processing and 1s adapted to be driven by a low
driving voltage. 11 the presently used liquid crystal material
having a cyano side chain (which must be driven by a high
voltage), 1s used 1n this embodiment, the characteristics of the
p-S1 TFT, 1.e., being adapted to be driven by a low driving
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voltage, cannot be utilized effectively. Therefore, the above
mentioned liquid crystal molecules having fluorine for a side
change are adequately mixed for use 1n this embodiment. The
resultant liquid crystal layer 40 1s adapted to be driven by a
low voltage, and can maintain a sufficiently high holding rate
when driven by a low driving voltage through the p-S1 TFT,
and even prevent 1image persistence. Also, the resultant LCD
has lower power consumption than an LCD which employs
an a-S1 TF'T, because it can be driven by a lower voltage.

Further, since an direction control window 34, which is an
clectrode-ree region 1n the common electrode 32, 1s formed,
as shown 1n FIGS. 1 and 2, liquid crystal molecules are caused
to t1lt 1n a predetermined direction, using the direction control
window 34 as a reference so that response of the molecules 1s
improved. Moreover, since the alignment direction 1s result-
antly diverged within a single pixel due to the window 34,
viewing angle dependency of the liquid crystal display 1s
modified, which makes 1t possible to achieve a display with a
wider viewing angle.

Specifically, when a voltage 1s applied to the liquid crystal
layer 40 (a white display, 1.e., 1n a liquid crystal ON state),
diagonal electric fields are generated between the edges of the
pixel electrodes 26 and the common electrodes 32. The diago-
nal fields are actually diagonal in different directions in
respective portions, as indicated by the broken line 1 FIG. 2.
This causes the vertically-aligned liquid crystal molecules at
the edges of the pixel electrodes 26 to tilt in a direction
opposite to the diagonal direction of the electric field. Since
liquid crystal molecules 42 have continuity, once the tilt
direction of the liquid crystal molecules at the edge of the
pixel electrode 26 1s determined due to the diagonal electric
field (the tilt angle 1s determined according to the electric field
intensity), the liquid crystal molecules around the center of
the pixel electrode 26 are accordingly caused to tilt in the
similar direction. That 1s, when a pixel 1s driven, a plurality of
regions are caused 1n a single pixel region, where liquid
crystal molecules tilt in different directions.

On the other hand, liquid crystal molecules 1n an area
corresponding to the direction control window 34 remain
vertically-aligned, as shown in FIG. 2, since the direction
control window 34 always receives a voltage less than a liquid
crystal driving threshold value. As a result, the direction con-
trol window 34 always makes a boundary between the regions
with liquid crystal molecules tilting 1n different regions. For
example, with an X-shaped direction control window 34, as
shown 1n FI1G. 1, the boundaries for separating the regions A,
B, C, D where liquid crystal molecules tilt in different direc-
tions are fixed on the X-shaped direction control window 34.
With this arrangement, direction separation 1s successiully
made within a single pixel region, and the boundaries for the
separation can be fixed on the direction control window 34.
Moreover, a plurality of ({our in this embodiment, 1.¢., upper,
lower, right, and left) priority viewing angle directions can be
ensured, so that an LCD with a wider viewing angle can be
provided.

Also, the pixel electrode 26 1s provided on the inter-layer
insulating films 22, 24, covering the region where the TFT
and electrode lines thereof (gate electrode lines, drain elec-
trode lines), and so on, are formed. Therefore leakage of
magnetic fields generated by the TFT and 1ts electrode lines
into the liquid crystal layer 40 1s prevented, as are the result-
ing effects on the alignment of the liquid crystal molecules.
Further, a flattening inter-layer insulating film 24 can improve
the planarity of the surface of the pixel electrode 26, and can
be prevented the disturbance to the alignment of liquud crystal
molecules due to the uneven surface of the pixel electrode 26.
With the above arrangement with a reduced leaking electric
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field from the TFT and the electrode lines and the pixel
clectrode 26 with a more flattened surface, a step of rubbing
the vertical alignment film 28 1s unnecessary as the alignment
of the liquid crystal molecules 1s controlled by using a func-
tion of the electric fields caused at the edge portion of the pixel
clectrode 26 and in the direction control window 34.
Further, with the above arrangement in which the pixel
clectrode 26 1s formed covering the TFT and respective elec-
trode lines, an excessive alignment margin for the TFT and
the lines 1s unnecessary. This can improve an aperture ratio.

[Driving Circuit]

Next, a drniving circuit and method for improving a
response time of the above-structured DAP LCD panel 1n a
normally-black mode will be described.

Reterring to FIG. 3, which shows a global structure of an
LCD of this embodiment, the LCD comprises an LCD panel
50 and a driving circuit 60 therefor.

The LCD panel 50 has a display area 52, where a TFT
substrate and an opposing substrate sandwich a liquid crystal
layer, as shown 1n FIGS. 1 and 2, and low temperature p-Si
TFTs are formed as a display TF'T's on the TFT substrate side.
Note that the channel, source, and drain of a low temperature
p-S1 TFT can be formed through self-alignment. Around the
display 52 on the TFT substrate, an H driver 54 and V drivers
56 are formed for horizontal and vertical selection of the
display TF'Ts, respectively. These H and V drivers 54, 56 are
formed using p-S1 TFTs each having a CMOS structure. A
p-S1 TFT having a CMOS structure 1s formed 1n a process
substantially same to the process for forming a p-S1 TFT for
the display area 52 whose channel, source, and drain can be
formed through self-alignment. With the above panel struc-
ture, a rubbing step which may adversely affect the closely
situated p-S1 TF'T's for the drivers 54, 56, can be omitted. This
contributes to improving the yield of an LCD.

The driving circuit 60 of the liquid crystal panel 50 1s
constructed with integrating a video chroma processing cir-
cuit 62, a timing controller 64, and other components. The
video chroma processing circuit 62 generates R, G, B video
signals by using an input composite video signal. Using rei-
erence oscillation signals generated by a VCO 66, the timing
controller 64 generates various timing control signals based
on an mputted video signal, to supply to the video chroma
processing circuit 62, an RGB driver processing circuit 70, a
level shifter 68, or other circuits. Using R, G, B video signals
supplied from the circuit 62, the RGB driver processing cir-
cuit 70 generates AC driving signals for R, G, B according to
the characteristics of the TFT LCD, to output to the LCD
panel 50.

In this mvention, liquid crystal driving signals are con-
trolled so as to achieve ON display levels set for R, G, B,
respectively. The setting of ON display levels and the con-
trolling of the levels of liquid crystal driving signals can be
made by using an RGB driver processing circuit 70 having a
structure described later.

FIG. 4 shows the relationship between impressed voltages

| V] and transmittance [T] for R, G, B.

As having already been described, transmittance with an
ECB LCD largely depends on a birelringence extent,
expressed as An-d/A, and transmittance of incoming light
depends on wavelength. Also, when the liquid crystal mate-
rials expressed by the above chemical formations (1)-(6) are
used to easily achieve low voltage driving by using a low
temperature p-S1 TF'T, the A n value of the materials may be
set at, for example, approx. 0.07. Specifically, 1t may be set at
approx. 0.07 or less for a retlection display. Further, 1n the
case of a reflection LCD, the An-d value 1s desired to be set at



US 7,417,611 B2

9

0.3 or less 1n order to achieve low voltage driving. Therelore,
impressed voltage-transmittance characteristics of R
(RA=~630 nm), (GA=350 nm), (BA=460 nm) resultantly differ
significantly from one another. Also, as shown 1n FIG. 4, the
impressed voltage for the largest transmittance differs among
R, G, B. In the example shown 1n FIG. 4, the largest trans-
mittance, i.e., approx. 475x107°, can be achieved with an
impressed voltage of approx. 7V for G and approx. 5V for B.
However, 1t cannot be achieved for R even with an impressed
voltage of approx. 8 V.

In this embodiment, in order to achieve substantially equal
transmittance for R, G, B colors with an ECB having wave-
length dependency, a liquid crystal driving level for the maxi-
mum transmittance, 1.e., a voltage level for turning on the
liquad crystal pixels, must be set, for example, at approx. 7.8
ViorR,7VforG,and 4.9V for B, when the respective color
components have the characteristics shown 1n FIG. 4. With
this setting, the white color can be precisely displayed for
color display 1n which the white color 1s displayed through
composition of R, G, B light.

Also, 1 adjustment of driving voltage levels, since the
characteristics ol an impressed voltage-transmittance rela-
tionship are different for R, G, B, gamma correction may be
given to the liqud crystal driving signals for R, GG, B 1n, for
example, an RGB driving processing circuit 70 according to
the respective characteristics. With this adjustment, color
reproducibility can be enhanced even with respect to inter-
mediate graduation.

FIG. 5 shows a partial structure of an RGB driver process-
ing circuit 70 for adjusting an ON display voltage level for
every RGB liquid crystal driving signal. Although the struc-
ture shown 1n the drawing particularly concerns an R liquid
crystal driving signal, an 1dentically structured circuit 1s pro-
vided for each of the other colors, namely G, B. FIG. 6 shows
an example of a limit level generation circuit 84 shown 1n
FIG. §; FIG. 7 shows a wavelorm of a signal which1s changed
in the RGB driving processing circuit 70 shown in FIG. 5.

Video signals for R outputted from the video chroma pro-
cessing circuit 62 are supplied to a differential output ampli-
fier 73 shown i FIG. 3. In the differential output amplifier 73,
the signals are subjected to brightness adjustment to change
the signals so as to have a DC voltage which 1s determined
based on the voltage of a bias circuit 72. The differential
output amplifier 73 outputs a non-inverted signal and an
iverted signal to a first butier 74 and a second buifer 75,
respectively. The first buffer 74 outputs a non-inverted output
signal a' having a waveform indicated by the broken line 1n
FIG. 7(a); the second builer 75 outputs an inverted output
signal b' indicated by the broken line imn FIG. 7(b). These
signals a' and b' are then supplied to a first limit circuit 78 and
subsequently to a second limit circuit 80 before being output-
ted to a multiplexer 82. The first and second limait circuits 78,
80 defines the lower and upper limit level of the signals a' and
b' for every one cycle (see the wavetorms indicated by the
solid lines 1n FIGS. 7(a) and (5)).

The multiplexer 82 alternately selects a non-inverted and
an iverted output signal (a), (b) of which levels are controlled
with a first and a second limit circuits, for every predeter-
mined cycle T (e.g., one frame period, one line period, and so
on) based on an mversion control signal, to output via a buifer
to the LCD panel 50 as an AC driving signal (¢) for driving the
liquad crystal for R display.

The first limit circuit 78 comprises a transistor Q1 and a
transistor Q2. The transistor Q1 1s connected 1n a signal path
between the first butler 74 and the multiplexer 82; and the
transistor Q2 1s connected 1n a signal path between the second
bufter 75 and the multiplexer 82. Transistors Q1 and (2
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receive, at their bases, a first level control signal (d) having a
wavelorm shown 1n FIG. 7(d) from a limit level generation
circuit 84.

The second limit circuit 80 comprises a transistor Q3 and a
transistor Q4. The transistor Q3 1s connected 1n a signal path
between the first butler 74 and the multiplexer 82; and the
transistor Q4 1s connected 1n a signal path between the second
builer 75 and the multiplexer 82. The transistors Q3 and Q4
receive, at their bases, a second level control signal (e) having
a wavelorm shown 1n FIG. 7(e) from a limit level generation
circuit 84, and operate 1in response to the recerved second level
control signal (¢). When the impressed voltage-transmaittance
relationship has the characteristics shown 1n FIG. 4, levels of
a non-inverted output signal (a) and an iverted output signal
(b) are controlled 1n response to the limit levels of the tran-
sistor Q2 of the first limit circuit 78 and the transistor Q3 of
the second limit circuit 80 so that the ON display levels (an
upper limit level) of the voltage (absolute value) applied to the
liquid crystal layer thereof become at a desired voltage level
VRon.

Inresponse to voltages determined based on the signals (d),
(e), the transistor Q1 of the circuit 78 and the transistor Q4 of
the circuit 80 operate to define the level of a non-inverted
signal (a) and an inverted output signal (b), so that the OFF
display level of the voltage (absolute value) applied to the
liquid crystal layer remains at a predetermined level greater
than OV. As a result, the liquid crystal layer having an 1nitial
t1lt angle of approx. 0° can be turned on at a high speed. Note
that although the transistors Q1 and Q4 of the first and second
limit circuit 78, 80 are not indispensable 1n this embodiment,
they can be provided 1n the above to control the upper and
lower levels of inverted and non-inverted signals so as to
remain within a predetermined range for controlling the black
display level and for preventing an excessive voltage from
being applied to the multiplexer 82, and for enhancing syn-
chronicity between the upper and lower levels of an AC driv-
ing signal (c).

Next, the structure of limit level generation circuit 84 will
be described with reference to FIG. 6. In response to an
inversion control signal which inverts the level thereof for
every cycle (T) of being supplied to terminal 100, the limat
level generation circuit 84 outputs a first level control signal
(d) which varies the level thereof from the emitter of a tran-
sistor Q11, and a second level control signal (e¢) which simi-
larly varies the level thereof from the emitter of a transmuitter
Q10.

When the voltage of an inversion control signal supplied to
terminal 100 1s H level higher than the voltage Vref' of the
reference power source 86, the transistor Q19 1s turned on,
and a current I which 1s substantially equal to current I,
supplied from a constant current source 92 1s caused to tlow
over resistor R1 by the first current mirror circuit CC1. At the
same time, the mversion control signal supplied to terminal
200 1s L level, so that a reference power source 90-2 (Vrei2)
1s selected and connected to the resistor R,. As a result, the
base potential of the transistor Q10 1s equal to a value “Vrel2+
R,-1,”, and the transistor Q10 outputs a corresponding second
level signal (e) from 1ts emitter. Also, since the transistor Q14
1s then 1s an OFF state, no current flows 1n the second current
mirror circuit CC2. Therefore, the base potential of the tran-
sistor Q11 remains equal to the voltage “Vref2” of the refer-
ence power source 90-2, and the transmaitter Q1 outputs a first
level control signal (d) from 1ts emutter.

On the other hand, when the voltage of an 1nversion control
signal supplied to terminal 100 1s a level lower than the
voltage Vrel' of reference power source 86, transistor (14
which makes a differential pair with PNP transistor Q13 1s
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turned on. A current I which 1s substantially equal to the
current I, supplied from current source 88 1s then caused to
flow through resistor R2 by a second current mirror circuit
CC2. As the same time, the 1nversion control signal supplied
to terminal 200 1s H level, so that a reference power source
90-1 (Vrefl) 23 1s selected and connected to the resistor R2.
As aresult, the base potential of the transistor Q11, which 1s
connected to resistor R2, 1s equal to a value “Vrefl-R,-1,”
(FIG. 7(d)) due to the voltage drop at the resistor R2, and the
transistor Q11 outputs a corresponding first level signal (d)
from 1ts emitter. Also, since transistor (Q19, which makes a
differential pair together with an NPN transistor (Q20, 1s then
in an OFF state, no current flows 1n the first current mirror
circuit CC1. Therelore, the base potential of transistor Q10,
which 1s connected between an output transistor of the first
current mirror circuit CC1 and the resistor R1, remains equal
to the voltage “Vrefl” of the reference power source 90-1,
which 1s connected to the other end of the resistor R1. As a
result, the transistor Q10 outputs a second level control signal
(¢) shown in FIG. 7(e) from the emitter thereof.

Wavelorms of the first and second level control signals (d)
and (e) are shown with double dots chain line 1n (d) and (e) of
FIG. 7. Wavetorms shown with solid line in (d) and (e) of FIG.
7 are base voltage waveforms and coincide limit levels for the
non-inverted and inverted signals (a), (b).

Having receirved iverted and non-inverted signals from
second limit circuit 80, the multiplexer 82 alternatively
selects the signals. When the inversion control signal 1s L
level and the multiplexer 82 selects a non-inverted output
signal (a) (a pertod T1 1n FIG. 7), since the limit level at
transistor Q3 1s set at the value “Vrel2+R, 1,7, the upper level
(corresponding to the ON display level at the period T,) of a
non-inverted output signal (a) 1s resultantly controlled so as
not to exceed “Vrel2+R, ' 1,”. Moreover, since the limit level
of the transistor Q1 1s set at the value “Vref2”, the lower level
(corresponding to the OFF display level at the period T, ) of a
non-inverted output signal (a) 1s resultantly controlled so as
not to be below “Vre12”. In addition, since transistor Q2 of the
first limit circuit 80 controls an inverted output signal (b),
which 1s then not selected by multiplexer 82, so as to remain
“Vrel2”, generation of excessive voltages at a part between
the switching terminals of the multiplexer 82 can be pre-
vented.

On the other hand, when multiplexer 82 selects an inverted
output signal (b) (a period T2 in FI1G. 7), since the limit level
at transistor Q2 of the first limit circuit 78 1s set at the value
“Vrefl-R,-1,”, the lower level (corresponding to the ON
display level at the period T2 of an inverted output signal (b)
1s resultantly controlled so as not to be lower than “Vrefl -
R,-I,”. Moreover since the limit level at the transistor Q4 of
the second limit circuit 80 is set at the value “Vrefl”, the
upper level (corresponding to the OFF display level at the
period T2) of an 1nverted output signal (b) 1s controlled so as
not to exceed “Vretl”. In addition, since transistor Q3 of the
second limit circuit 80 controls a non-inverted output signal
(a), which 1s then not selected by multiplexer 82, so as to
remain “Vrefl”, generation ol excessive voltages at a part
between the switching terminals of multiplexer 82 can be
prevented.

Since the circuits operate as described above, the signal
supplied to LCD panel 50 from the multiplexer 82 via a buffer
1s controlled, so that the ON display levels at periods T1 and
12 are respectively controlled to be equal to or less than
“Vref2+R, 1,7, or to be equal to or greater than “Vrefl-
R,I,”.

In this embodiment, the above processing 1s carried out on
cach of the R, G, B video signals. In this processing, the
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respective ON display levels VRon, VGon, VBon which are
actually supplied the liquid crystal layer can be set at a desired
value by setting the resistance values of the resistors R1, R2
and the voltage Vrefl, Vrel2 of the reference power sources
90-1, 90-2 of the limit level generation circuit 84 shown 1n
FIG. 6 at a desired value. Specifically, when an LCD has the
characteristics shown 1n FIG. 4, the resistance values of the
resistors R1, R2 and the voltages Vrefl, Vrel2 of the reference
power sources 90-1, 90-2 are adjusted for each color so that
VRon, VGon, and VBon become 7.8V, 7V, and 4.9V, respec-
tively. Also, when the optical characteristics changing voltage
Vth for liquid crystal varies according to a temperature
change, the voltages Vrefl, Vrel2 of the reference power
sources 90-1, 90-2 may be changed respectively for R, G, B so
that Von, VoIl (an OFF display level) follow the change of
Vth. With this arrangement, preferable color display can be

always achieved despite a change in the ambient temperature
of an LCD.

It should be noted that when the ON display voltages for R,
G, B can be set such that the maximum difference AV among
the three set voltages, namely VRon, VGon, and VBon, stays
within a relatively small range, e.g., within 20%, a driving
voltage can be easily adjusted respectively for R, GG, B while
minimizing the load imposed on the driving circuit. For
example, when displaying R, G, B colors 1n one LCD panel,
the driving circuit of the LCD panel often makes RGB liquid
crystal driving signals by using the same power source.
Theretfore, with AV of approx. 20%, there 1s no need to use
separate power sources for the respective colors.

| Application to Projector]

In this embodiment, the above structured LCD panel 50
may be applied as a retlection type LCD to a light valve of a
projector. FIG. 8 shows a structure with this application. In
this case, polarization films 44, 46 shown 1n FI1G. 2 are unnec-
essary for the LCD panel 50.

Light from a light source 160 is introduced into a polarized
light separation filter 162, where polarized light rays 1n a
predetermined direction are separated. The separated light
rays are then mtroduced into a first polarization film 164 so
that a predetermined linearly polarized light only passes
through the first polarization film 164 to be further introduced
into a retlection type LCD panel 50.

A projector may often be provided with three LCD panels
50 for R, G, B arranged 1n parallel for each receiving corre-
sponding R, G, B light ray separated from the light of the light
source. In this embodiment, ON display voltage levels VRon,
VGon, VBon for liquid crystal driving signals are determined
for every LCD panel 50 according to corresponding R, G, B
light. In addition, gamma correction may be applied, 1f nec-
essary, to the liquid crystal driving signals according to the
respective characteristics. In the above arrangement, 1n which
separate LCD panels 50 are used for R, G, B, the value An-d
of each panel may be adjustable 1n consideration of the char-
acteristics for R, G, B, so that wavelength dependency of
voltage-transmittance characteristics of the liquid crystal
layer can be more reliably canceled.

After being adjusted 1n a circuit shown 1n FIG. 5, the liquid
crystal driving signals are supplied to a reflection type LCD
panel 50. The LCD panel 50 then controls birefringence of the
liquid crystal layer for every liquid crystal pixel, and the panel
50 reflects the linearly polarized light from the first polariza-
tion plate 164 and thereby the retlected light ejects to the
second polarization {ilm 166. The R, G, B lights ejected from
the panel 50 and then passed through a second polarization
f1lm 166 are then composited by a compositing optical system
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(not shown) 1nto a color 1mage for projection,. after being
enlarged, onto a screen 170 by a projector lens 168.

What 1s claimed 1s:

1. A liquid crystal display having liquid crystal sandwiched
between a pair of substrates having electrodes for driving the
liquid crystal based on respective R, G, and B signals to
control transmittance of each of the R, G, and B light com-
ponents for color display, wherein

cach of upper limit values of ranges for driving voltages

respectively for R display, G display, and B display
applied to the liguid crystal 1s set independently for R
light, G light, and B light, without a control voltage
applied to the substrates to control the intensity of R, G,
and B light simultaneously,

an upper limit value for a range of values usable within an

entire duration of display as driving voltages for respec-
tive R, G, and B light components 1s set independently
for each of R, G, and B light components,

among said independently set upper limit values for

respective R, GG, and B light components, an upper limit
value for at least one of the colors differs from the upper
limit values for the other colors,
a display portion having a plurality of pixels in a matrix
form, and
a driver circuit for said display portion which supplies a
driving voltage signal corresponding to display content
to a corresponding one of said pixels in said display
portion, wherein

said electrode for driving said liquid crystal provided on a

first substrate among said pair of substrates 1s a pixel
clectrode of a matrix form which 1s individually formed
for each of said pixels and 1s connected to a thin film
transistor, and

said driver circuit for the said display portion comprises an

RGB driver processing circuit which adjusts an absolute
value of a maximum transmittance of liquid crystal of
said driving voltage signal which exists for each of R, G,
and B so that the maximum transmittance voltage does
not exceed a voltage determined according to a trans-
mittance characteristic of each of R, (G, and B, and said
driving voltage signal in which the maximum transmuit-
tance voltage level 1s adjusted 1s supplied to a corre-
sponding one of said pixels of said display portion
through said thin film transistor.

2. A liquad crystal display according to claim 1, wherein

a liquid crystal control driving signal for R light, a liquid

crystal control driving signal for G light, and a liqud
crystal control driving signal for B light are separately
subjected to gamma correction based on transmittance
characteristics of the R, G, and B light components.

3. A liquid crystal display according to claim 1, wherein the
pair of substrates includes a first substrate,

clectrodes for driving the liquid crystal formed on the first

substrate include a plurality of pixel electrodes arranged
1n matrix thereon; and

the plurality of pixel electrodes are connected to corre-

sponding poly-Si thin film transistors each using a poly-
S1layer formed at a low temperature for an active layer.

4. A liquid crystal display of claim 1, wherein each of said
upper limit values ol ranges for the driving voltages applied to
the liquid crystal 1s set based on the transmittance character-
istic of each of R, G, and B light components.

5. A liquid crystal display of claim 1, wherein the maxi-
mum difference among the set voltages stays within 20%.

6. A liquid crystal display of claim 1, which shows non-
transmittance to light when no voltage 1s applied.
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7. A liquid crystal display of claim 1, wherein the display 1s
of the reflective type and includes a reflection electrode
formed on one of said pair of substrates for driving the liquid
crystal by the potential difference between said reflection
clectrode and a transparent electrode formed on the other

substrate, to reflect the incident light from said transparent
clectrode side at said retlection electrode and to control the
amount of light of each of the R, G, and B light components
re-emitted from said transparent electrode for color display.
8. A liquid crystal display according to claim 1, wherein
among said independently set upper limit values for respec-
tive R, G, and B light components, at least the upper limit
values for R and B light components differ from one another.

9. A liguid crystal display according to claim 1, wherein

said driver circuit generates and adjusts each of said driving
voltage signals for R, G, and B using a power supply of a same
voltage level.

10. A liquid crystal display, wherein

liquid crystal 1s sandwiched between a pair of substrates,

individual pixel electrodes are formed for each pixel onone
of said substrates,

R, G, and B driving signals corresponding to each of said
pixel electrodes are applied for driving the liquid crystal
by the potential difference between said pixel electrodes
and opposing electrodes formed on the other substrate,
to control the transmittance of each of the R, GG, and B
light components for color display, and

cach of upper limit values of ranges for driving voltages
respectively for said R, G, and B driving signals applied
to said pixel electrodes 1s set independently for R, G, and
B light, without a control voltage applied to the sub-
strates to control the intensity of R, G, and B light simul-
taneously,

an upper limit value for a range of values usable within an
entire duration of the display as driving voltages for
respective R, GG, and B light components 1s set indepen-
dently for each of R, G, and B light components,

among said independently set upper limit values for
respective R, GG, and B light components, an upper limit
value for at least one of the colors differs from the upper

limit values for the other colors,

a display portion having a plurality of pixels in a matrix

form, and

a driver circuit for said display portion which supplies a
driving voltage signal corresponding to display content
to a corresponding one of said pixels in said display
portion, wherein

said electrode for driving said liquid crystal provider on a
first substrate among said pair of substrates 1s a pixel
clectrode of a matrix form which 1s individually formed
for each of said pixels and 1s connected to a thin film
transistor, and

said driver circuit for the said display portion comprises an

RGB driver processing circuit which adjusts an absolute

value of a maximum transmittance of liquid crystal of

said driving voltage signal which exists for each of R, G,

and B so that the maximum transmittance voltage does

not exceed a voltage determined according to a trans-
mittance characteristic of each of R, GG, and B, and said
driving voltage signal in which the maximum transmuit-
tance voltage level 1s adjusted 1s supplied to a corre-
sponding one of said pixels of said display portion
through said thin film transistor.

11. The liguid crystal display of claim 10, wherein

the maximum difference among said set upper limits of
ranges of driving voltages for each of R, G, and B light

never exceeds 20%.
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12. The liquid crystal display of claim 10, wherein

the maximum light transmittance 1s defined by said upper
limit values of ranges of said driving voltages.

13. A liguad crystal display according to claim 10, wherein
among said independently set upper limit values for respec-
tive R, G, and B light components, at least the upper limit
values for R and B light components differ from one another.

14. A liqud crystal display according to claim 10, wherein
said driver circuit generates and adjusts each of said driving
voltage signals for R, GG, and B using a power supply of a same
voltage level.

15. A liquid crystal display, comprising;

a display section and a display section driving circuit which
supplies a driving voltage signal 1n accordance with a
display content, wherein

said display section driving circuit includes an RGB driver
processing circuit which adjusts throughout an entire
duration of display, regardless of display content, a
maximum transmittance voltage level existing for each
of R, G, and B light components that achieves maximum
liquid crystal transmittance of said driving voltage sig-
nals to a voltage level determined 1n accordance with a
transmittance characteristic of each of R, G, and B light
components, and

said driving voltage signal having 1ts maximum transmuit-
tance voltage level limited by said RGB driver process-
ing circuit 1s supplied to a corresponding pixel in said
display section.

16. A liquid crystal display as defined 1n claim 15, wherein

said display section driving circuit includes a minimum
transmittance voltage limiting circuit which limits,
regardless of display content, a minimum transmittance
voltage level for achieving mimmum liquid crystal
transmittance of said driving voltage signal to a prede-
termined voltage level greater than OV by absolute
value.

17. A liquid crystal display as defined in claim 135, wherein

among said driving voltage signals for respective R, GG, and
B light components, at least said maximum transmuit-
tance voltage levels determined and limited for R and B
light components differ from one another.

18. A liquad crystal display as defined 1n claim 15, wherein

the liquid crystal 1s of a normally black type which shows
a non-transmittance characteristic 1n a state of no voltage
application.

19. A liquid crystal display as defined in claim 15, wherein

among said driving voltage signals for respective R, G, and
B light components, said maximum transmittance volt-
age level for B light 1s limited to a voltage level smaller
than said maximum transmittance voltage level for R
light by absolute value.

20. A liguad crystal display according to claim 15, wherein
said driver circuit generates and adjusts each of said driving
voltage signals for R, G, and B using a power supply of a same
voltage level.

21. A voltage-driven birefringence type liquid crystal dis-
play having liquid crystal sandwiched between a pair of sub-
strates having electrodes for driving the liquid crystal based
on respective R, G, and B signals to control transmittance of
cach of the R, G, and B light components for color display, the
liquad crystal display comprising:

a display portion having a plurality of pixels in a matrix
form, and
a driver circuit for said display portion which supplies a

driving voltage signal corresponding to display content

to a corresponding one of said pixels in said display
portion, wherein
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said electrode for driving said liquid crystal provided on a
first substrate among said pair of substrates 1s a pixel
clectrode of a matrix form which 1s individually formed
for each of said pixels,

a thin film transistor 1s connected to a corresponding one of
said pixel electrodes,

said driver circuit for said display portion comprises an
RGB driver processing circuit which adjusts an absolute
value of levels of non-inverted driving voltage signal and
iverted driving voltage signal for determining a maxi-
mum transmittance voltage level for achieving a maxi-
mum transmittance of liquid crystal of said driving volt-
age signal which exists for each of R, G, and B to a
voltage determined according to a transmittance charac-
teristic of each of R, G, and B, and

said non-inverted driving voltage signal and said inverted
driving voltage signal in which said maximum transmuit-
tance voltage levels are adjusted are periodically
switched 1n a predetermined period and supplied to said
pixel through said thin film transistor.

22. A liquad crystal display according to claim 21, wherein

said driver circuit for said display portion further com-
prises a minimum transmittance voltage limiter which
limits a minimum transmaittance voltage level for achiev-
ing a minimum transmittance of liquid crystal of said
driving voltage signal to a predetermined level having an
absolute value of greater than OV, and

said driving voltage signal in which the voltage level 1s
limited by said maximum transmittance voltage limaiter
and said mimimum transmittance voltage limiter 1s sup-
plied to a corresponding one of said pixels of said dis-
play portion.

23. A liquad crystal display according to claim 21, wherein

said liquid crystal 1s of a normally black type 1n which said
liquid crystal 1s non-transmitting in a state of application
of no voltage, and

a rubbingless type vertical orientation film for aligning a
major axis direction of molecules of said liquid crystal
along a thickness direction of a liquid crystal layer 1n
said state of application of no voltage 1s provided on a
surface of each of said pair of substrates, said surface
being a contact surface with the liquid crystal.

24. A liquid crystal display according to claim 21, wherein

said thin film transistor 1s a polycrystalline silicon thin film
transistor in which polycrystalline silicon 1s used 1n an
active layer.

25. A liquad crystal display according to claim 21, wherein
said driver circuit generates and adjusts each of said driving
voltage signals for R, GG, and B using a power supply of a same
voltage level.

26. A projector comprising:

a plurality of liquid crystal display panels each having a
display portion i which a plurality of pixels are
arranged 1n a matrix, each of said liquid crystal display
panels provided corresponding to each color for control-
ling transmittance of light of the corresponding color;

a driver section which supplies, to said display portion, a
driving voltage signal to be supplied to each of said
plurality of pixels for controlling the liquid crystal; and

a combination optical system which combines light emit-
ted from said plurality of liquid crystal display panels,
wherein

cach of said plurality of display panels has liquid crystal
sealed between a pair of substrates on each of which an
clectrode 1s formed on a surface opposing the other
substrate, wherein said electrode on one of said sub-
strates 1s a pixel electrode which 1s formed individually
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for each pixel and said electrode on the other one of said
substrates 1s a common electrode which 1s common to
the plurality of pixels,

said driver section comprises an RGB driver processing
circuit;

said RGB dniver processing circuit adjusts, for each color,
said driving voltage signal supplied to said liquid crystal
display panel provided corresponding to each color
using a power supply of a same voltage level for each
panel so that an absolute value of a maximum transmit-
tance voltage of said driving voltage signal for achieving
a maximum transmittance of the liquid crystal does not
exceed, over the entire display period, an absolute value
ol a voltage determined based on a transmittance char-

acteristic of the liquid crystal which differs for each
color; and

said driving voltage signal 1n which the maximum trans-
mittance voltage level 1s adjusted 1s supplied to corre-
sponding pixel in corresponding one of said liquid crys-
tal display panels.
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277. A projector according to claim 26, wherein

a maximum difference among said maximum transmit-
tance voltage level adjusted for each color never exceeds
20%.

28. A projector according to claim 26, wherein

cach liquid crystal of said plurality of liquid crystal display
panels shows non-transmittance to the light when no
voltage 1s applied.

29. A projector according to claim 26, wherein

a vertical orientation film for aligning an 1nitial orientation
of a major axis direction of molecules of said liquid
crystal along a thickness direction of a liquid crystal
layer 1s provided on a surface of each of said substrates
of said liquid crystal display panel, said surface being a
contact surface with the liquid crystal.

30. A projector according to claim 29, wherein

said vertical orientation film 1s of a rubbingless type.

31. A projector according to claim 26, wherein

said pixel electrode which 1s formed individually for each
pixel 1s a reflection electrode.
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